2 promoter in rat hippocampus and ethanol withdrawal syndrome 3 Running title: Histone H3K9 acetylation of NR2B gene promoter in rat hippocampus is positive 4 correlated with ethanol withdrawal syndrome 5
4
receptors (Goebel and Poosch, 1999, Monyer et al., 1994) , which are severely impacted by ethanol 83 abuse (Fadda and Rossetti, 1998, Jacobson et al., 1990) . Hence, NMDA receptors at the site of 84 hippocampus region are good candidates for studying excessive ethanol consumption and EWS. A 85 previous study revealed increased numbers of NR2B subunits in the rat hippocampus region after 2 86 weeks of ethanol vapor exposure (Pian et al., 2010) . There are epigenetic mechanisms involved in the 87 development of addictive behavior (Warnault et al., 2013) . Even though several reports have indicated 88 that histone modifications are involved in alcohol-related events (Pandey et al., 2008) , it is still unclear 89 how this happens. It has been reported that ethanol exposure produces epigenetic modifications, 90 including histone acetylation and methylation in hippocampus, striatum, and prefrontal cortex in both 91 adult and adolescent rats (Moonat et al., 2013 , Warnault et al., 2013 . Other studies showed that histone 92 acetylation has been examined widely, and it has been linked to the activation of gene transcription 93 (Peterson and Laniel, 2004) . These epigenetic modifications were also shown to regulate NR2B 94 transcription in primary neuronal cultures (Qiang et al., 2010 , Qiang et al., 2011 . However, the 95 functional role of the histone H3K9 acetylation in NR2B promoter region involved in EWS has yet to 96 be established.
97
The purposes of the studies were, therefore, to examine the role of the epigenetic modification of 98 NR2B gene in EWS, and the relationship between the expression of NR2B protein level and EWS in 99 rat hippocampus region.
6
peaked at 2 h after withdrawal and had decreased to normal level at day 3 ( Fig. 2C ).
139
Immunofluorescence assay for the NR2B protein in rat hippocampus
140
The level of NR2B protein at the tissue level was assaying using immunofluorescence assay. Figure   141 3A showed that the protein level of NR2B peaked at 2 h after withdrawal and had decreased to the level 142 of normal control group at day 3. The NR2B protein level by the immunofluorescence intensity 143 displayed the same pattern as that by Western blot assay, with 1411.36±210.72 for 2 h, 987.38±104.32 144 for 6 h, 823.62±48.14 for 12 h, 554.71±73.13 for day 1 and 437.24±123.76 for day 3, which were all 145 significantly higher than that in the normal control group (378.56±67.65; all P<0.05), except for that at 146 day 3 (P>0.05) ( Fig.3B ).
147
H3K9 levels of NR2B gene in hippocampus at different withdrawal time points
148
The levels of histone H3K9 acetylation of NR2B promoter region in the hippocampus were 
195
EWS consists of a variety of behavioral symptoms，physiological signs and the electrophysiological 196 changes in the central nervous system (Thompson, 1978) . NMDA receptor is an ionotropic receptor 197 that is involved in synaptic plasticity and memory formation, which is the main target of ethanol in the 198 CNS (Chandrasekar, 2013 , Whitlock et al., 2006 . Although the effects of ethanol on the NMDA 199 receptor have still been unclear, it has been found that the effects of ethanol on CNS are related to the 200 NMDA receptor subunits, especially NR2B (Brady et al., 2013) . Previous studies showed that many , 2006) . Our results indicated that NR2B protein was higher after ethanol withdrawal for 2 h. Taken 208 together, these findings suggest that the expression level of NR2B protein in hippocampus may be 209 involved in ethanol abuse/dependence and withdrawal behaviors.
210
In hippocampal region of adult male Wistar rats, NR2B was significantly increased after chronic 211 ethanol exposure (Law et al., 2003) . Moreover, there was a notable correlation between the relative 212 mRNA expression of NR2B and the level of NR2B protein. Here, we speculated that there was 213 correlation between EWS and the relative expression of NR2B mRNA.
214
Histone acetylation includes acetylation of H3 and H4. H3K9 is the only residue that can be 215 acetylated or methylated (Nakayama et al., 2001) . Histone H3K9 acetylation was found to be inversely 216 correlated with H3K9 methylation (Yamada et al., 2008) . A previous study found that acute ethanol use 217 induced the significantly increased histone H3K9 acetylation, with less change in K14, K18 and K23 218 acetylation status (Park et al., 2005) . One recent study found that chronic intermittent ethanol exposure 
273
Western blot for NR2B protein and RT-PCR for NR2B mRNA 274 Hippocampus tissues were extracted and total proteins were used for Western blot as previously 
279
City, CA). GAPDH expression was an endogenous control to normalize the data. The primer sequence 280 of NR2B gene and GAPDH served as endogenous control. They were listed in Supplements Table 2 .
281
All of the quantifications were performed with an ABI Prism 7500 system (Applied Biosystems).
282
Immunofluorescence assay for NR2B protein of rat hippocampus 283 For NR2B immunofluorescence, paraffin sections were placed in an oven at 60°C for 30 min. The 284 sections were then deparaffinized and rehydrated by xylene twice and gradient ethanol from pure to 285 70%. Heat-induced retrieval of antigen was performed using 10mM sodium citrate (pH 6.0), 3% 286 hydrogen peroxide for 10 min to suppress the endogenous peroxidase activity, and 1% bovine serum 
294
Chromatin immunoprecipitation (ChIP) for hippocampal NR2B gene promoter 295 The ChIP procedure was performed using the instructions provided with the ChIP kit (Millipore,
296
Bedford, MA, US) and with anti-acetylated histone H3 at Lys9 (ac-H3K9) antibody (Rabitt polyclonal,
297
Abcam,) or IgG (Santa Cruz Biotechnology) as negative control. We designed the special primers of 298 NR2B gene promoter region to amplify, GAPDH as the internal control (sequences listed in 299 Supplements Table 3) The ethanol withdrawal syndrome (EWS) scores were counted at the different time points after ethanol
